The aim of this systematic review was to assess the impact of surgical safety checklists on the quality of teamwork and communication in the operating room (OR). Background: Safety checklists have been shown to impact positively on patient morbidity and mortality following surgery, but it is unclear whether this clinical improvement is related to an improvement in OR teamwork and communication.
METHODS
After combining all 3 search categories, the following additional limits were imposed: English language articles, articles between 1980 and present, and those involving human subjects only. Titles and abstracts of all articles retrieved from the initial search were reviewed by 2 of the authors (Russ: psychologist; Rout: surgeon) to select those that were relevant to the aims of the review. All selected articles were subjected to full-text review by the same 2 authors, and those that satisfied the inclusion criteria were retained ( Fig. 1) .
To triangulate the search strategy, all reference lists of retained articles were checked for additional papers that may have been missed by the initial search. The studies varied widely in terms of study design and methodology which prevented data pooling and metaanalysis. Therefore, a qualitative synthesis and critical evaluation of the evidence was carried out.
RESULTS

Selected Articles
A flow diagram of the search strategy is presented in Figure 2 . The initial search generated a total of 639 citations, of which 324 articles were excluded after the additional search limits were applied. Forty-four articles were selected for full-text review after evaluating all titles and abstracts. Of these, 27 articles were excluded because they did not meet the inclusion criteria. Three additional relevant articles were identified from a reference search of FIGURE 1. Inclusion criteria.
the selected articles, resulting in a total of 20 articles for inclusion in the current review. Table 1 presents an overview of the characteristics of the 20 articles reviewed (ie, type of checklist used, communication/teamwork measure(s), study methodology, study site, surgical specialty). Studies spanned across 12 different countries in total, including both developed and developing countries--1 article 38 presented a global study spanning 8 different countries. Nine of the studies focused on a single surgical specialty, all others assessed the impact of the checklist across multiple specialties. The following surgical specialties were listed: general, cardiothoracic, vascular orthopedic, trauma, ear-nosethroat (ENT), and obstetrics. One study was conducted in a simulated OR 28 ; all others report data collected in relation to the use of the checklist in real OR procedures. Fourteen of the studies undertook a pre-/postintervention design, allowing for teamwork/communication postchecklist to be compared to baseline performance without a checklist. 24, [26] [27] [28] [29] 31, 33, 34, [38] [39] [40] [41] [42] [43] One randomized controlled trial (RCT) was included. 37 The remaining studies assessed the impact of the checklist on performance retrospectively. 25, 30, 32, 35, 36 
Study Characteristics
Type of Checklist
Seven of the 20 articles reported on the use of the WHO's Surgical Safety Checklist or a specialty-specific modification of it. 35, [38] [39] [40] [41] [42] [43] The WHO Surgical Safety Checklist is designed such that safety checks are carried out at 3 operative phases: "Sign-in" (before anesthesia induction), "Time-out" (before incision), and "Sign-out" (following the procedure before team members leave the OR). Checks at "Sign-in" are completed between the anesthetic staff (at a minimum) and the patient and include confirmation of ID, consent, procedure, allergies, expected blood loss, and checking of the anesthetic equipment. The entire OR team is present for "Time-out" for team introductions and a final check of patient ID/procedure, surgical issues (expected blood loss, special equipment, potential risks), anesthetic issues (patient history, ASA grade, and monitoring equipment check), nursing issues (sterility of instruments, equipment problems), antibiotics, DVT prophylaxis, essential imaging, patient warming, hair removal, and glycemic control. Finally, at "Sign-out" the entire team confirms the name of the procedure, specimens, final counts, equipment problems, and concerns for recovery.
The remaining 13 articles [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] 36, 37 reported on safety checklists that had been either undertaken in accordance with national recommendations (eg, that of the Joint Commission on Accreditation of Healthcare Organizations, which produced guidelines for a "time-out" prior to incision for all surgical procedures, named the "Universal Protocol"), 23, 26, 27, 31 or developed locally in response to a perceived need for improvement in surgical safety. Locally developed tools were either designed from scratch or based around an existing tool already developed to aid communication/teamwork in the OR by the authors or their collaborators. The precise development process varied but all checklists were developed by multidisciplinary groups and based on prior research, literature reviews, and/or expert opinion, and had engagement from OR members in prototype content, refinement, and piloting. They all contained very similar items to that of the WHO checklist. Nine of these 13 articles described checklists that consisted of preoperative ("Time-out" equivalent) safety checks only [24] [25] [26] [27] [29] [30] [31] [32] [33] [34] [35] [36] [37] 40 ,42 2 consisted of pre-and postoperative checks, 32, 36 and 2 consisted of pre-, intra-, and postoperative checks. 28, 37 Like the WHO checklist, 4 of these articles presented checklists that separated items according to the OR subteam responsible for carrying out the checks (ie, surgical team, anesthetic team, nursing team) team (or at least one senior member of each OR subteam) was required to be present when the checks were carried out.
A paper checklist was used to prompt discussions in all 20 of the articles selected. In one article, the checklist was also presented in poster format on the OR wall.
34
Teamwork/Communication Measures
Teamwork and communication measures varied greatly across the reviewed articles (Table 2) . Broadly, 1 (or a combination) of 3 different methodological approaches was undertaken to assess the impact of the checklist on teamwork/communication: self-report, observations, or 360
• ratings. Self-report was utilized in 15 of the 20 reviewed articles using questionnaires in 13 studies 24, 35, [37] [38] [39] [40] [41] [42] [43] and interviews in 2 studies 25, 36 to capture OR professionals' perceptions of teamwork/communication. The number of respondents ranged from 11 (Lingard et al 25 ) to 1748 per study. 42 Typically, all disciplines within the OR were represented in the sample. Seven articles used observational methods to capture the quality of teamwork/communication across the OR team. 25, [28] [29] [30] 33, 34, 37 Observations were carried out by trained observers either in real-time or from videos, and the total number of observations conducted ranged from 16 (Henrickson et al 33 ) to 232. 34 One article used 360
• ratings of self and peers' teamwork. 31 Finally, 3 studies mixed self-report and observational approaches to assess checklist impact. 25, 28, 37 Of note, whereas the observational and 360
• measures largely had validation evidence, self-report measures were variable in this respect, with only 4 of the 13 retrieved assessment instruments having some supportive psychometric evidence. Table 3 presents a detailed summary of data relating to the impact of safety checklists on teamwork and communication in the OR and the study limitations for all articles reviewed. The impact of the checklist on teamwork/communication has been summarized below according to the methodological approach undertaken.
Impact of Checklist on Teamwork and Communication
Self-reported Teamwork/Communication
Of the 13 articles that utilized surveys, 10 reported a positive impact of the checklist on teamwork, including strengthened "team feeling" in the OR, 35 improved communication (relating to both preoperative and postoperative checks), for example, increased discussion of critical events, 24, 32, [40] [41] [42] better familiarity and knowledge of team members' names, [39] [40] [41] 43 improved decision making, 26 better interprofessional coordination and assignment of tasks, 43 and fewer delays caused by miscommunications. 27 The remaining 3 articles reported mixed results. One study found no pre-/postimprovement in scores on the teamwork climate of the SAQ; however, 85% of OR staff agreed that the checklist had improved OR communication when asked after checklist implementation. 38 Koutantji et al 28 found a pre-/postimprovement in 2 of their 4 survey items relating to the impact of the checklist on teamwork/communication; these 2 items referred to the impact of preoperative checks on teamwork, no difference was found on the items relating to postoperative checks. Finally, in an RCT, no difference in self-reported situational awareness was found between the control (no checklist) group and the intervention (checklist) group, For outcome assessed, the terminology of the original study has been used where possible (ie, wherever a consistent descriptor of the outcome variable was provided).
†Study methodology includes the timing of the introduction/implementation of the checklist--as this could have contributed to the impact on the outcome measures. OR indicates operating room; WHO, Word Health Organization. Interview participants were asked to describe the benefits and drawbacks of the checklist. Interviews were informal-no description of the interview schedule/approach was provided. Interviews were analyzed using a grounded theory approach to pick out emergent themes regarding how the checklist complemented/conflicted existing processes, how it was received by team members, and what effects the discussion had.
Yes 25
Study-specific interviews 36 No description of interview schedule/approach provided. Interviewees were asked for their opinion of the checklist. Interviews were then subjected to a simple qualitative analysis that counted the adjectives used and how many related to communication. Study-specific observations 33 One trained observer conducted real-time observations of surgical procedures in real and rated all disruptions in surgical flow according to 1 of 4 causal categories: patient-related, equipment or resource related, procedural knowledge issues, or miscommunication events. Miscommunication events included verbal commands failing to be conveyed, being conveyed incorrectly, or being incorrectly interpreted.
Yes 33
Study-specific observation notes 34 One of 4 trained observers noted all activities, verbal exchanges, the use of equipment, and the times at which they occurred. Observation notes were retrospectively analyzed to pick out and classify nonroutine events into 1 of 7 categories. One category related to teamwork/communication (problems with teamwork).
Yes 34
Study-specific observations and perceptions of team efficiency and communication were actually poorer in the intervention group. However, observed team performance was rated higher in the intervention group (reported later). 37 Three articles reported interdisciplinary differences regarding the impact of the checklist. Two studies found that anesthesiologists and nurses, but not surgeons, reported improved communication after checklist implementation. 39, 40 Similarly, another study reported that nonmedical staff were more likely to perceive an improvement in communication than medical staff. 41 Finally, Helmio and colleagues 39 found that surgeons and anesthesiologists, but not nurses, reported increased knowledge of OR team members' names. The 2 interview studies supported a positive impact of safety checklists on communication in the OR, with quotes relating to improved familiarity with team members, better understanding of fellow team members' concerns, feeling better valued as a team member, and being more willing to "speak up" about safety concerns.
25,36
Observed Teamwork/Communication
Of the 7 articles that undertook an observational methodology, 5 reported a positive impact of the safety checklist on teamwork/communication. In 1 study, Lingard and colleagues 25 highlighted 6 positive functions of the checklist from their ethnographic field notes, 4 of which were related to team skills. These were promoting provision of case-related information (allowing more efficient and proactive planning by the team), encouraging articulation of concern, supporting interdisciplinary decision making, and enhancing team building/camaraderie. 25 In another study, the same group reported a significant reduction in OR communication failures after checklist implementation (dropping from an average of 3.95 to 1.31 failures per case), particularly for those failures with visible adverse consequences. 29 These results were mirrored by Henrickson and colleagues, 33 who reported significantly fewer miscommunication events after checklist implementation (dropping from 2.5 to 1.17 per case). Another article reported fewer nonroutine events (or near misses) associated with poor teamwork when the checklist was used. 34 Finally, in their RCT, Calland and colleagues 37 found that the quality of team communication and coordination was rated as higher in the intervention (checklist) versus the control (no checklist) group.
One simulation study reported mixed results. Whereas surgeons' decision making was rated significantly better by experts after checklist implementation, anesthesiologists' decision making was rated significantly worse. Furthermore, checklist implementation had no impact on the observed quality of communication, leadership, or overall teamwork. impacts were also observed). These included disrupting positive communication (eg, by the checklist itself becoming the focus and detracting from the sense of exchange between the team members, or by disrupting the natural flow of information in the OR), reinforcing professional divisions (eg, by leaving certain individuals or professional groups out of the checking process), and creating tension (eg, in coordinating unwilling team members, interrupting work routines, and exposing individuals' knowledge gaps).
30
360
• Ratings of Teamwork/Communication
Paige and colleagues 31 found that peer-assessed teamwork scores significantly increased following introduction of the checklist but self-assessed teamwork scores did not.
DISCUSSION
Checklists are increasingly becoming part of routine practice for ensuring safety in ORs, and their use has been linked to improved rates of mortality and morbidity. [15] [16] [17] [18] [19] [20] [21] [22] A key mechanism through which safety checklists are intended to bring improvements to surgical care is by promoting better teamwork and communication in the OR. This is a point often argued by checklist developers and implementers 22, 23, 47 yet not scientifically reviewed to date. The current review aimed to examine the existing evidence base and to evaluate the claim that checklists do indeed foster such team skills.
The 20 articles included in the review were heterogeneous in terms of the methodology used to assess the impact of the checklist on teamwork/communication, largely because team skills were not always the primary outcome assessed. Nonetheless, there was a good degree of concordance between the results of individual studies. The following findings emerged:
-Self-perceptions of teamwork and communication improved following the implementation of safety checklists. [24] [25] [26] [27] 32, 35, 36, [39] [40] [41] [42] [43] -There was a reduction in visible consequences of poor communication and near-misses associated with communication errors after the checklist implementation. 29, 33, 34 -The observed mechanisms through which checklists improved teamwork centered around establishing an open dialogue at the start of the case, promoting provision of case-related information, revealing knowledge gaps, encouraging articulation of concerns, provoking a change in the care plan, supporting interdisciplinary decision making and coordination, and enhancing team "feeling." 25, 26, 35, 43 -Where there were interdisciplinary differences in the impact of the checklist, the evidence tends to show that OR nursing personnel perceive maximum benefit to team working as a result of checklists, surgeons perceive least positive impact, and anesthesiologists fall in between.
39-41
Although the evidence on the whole supports a highly functional impact of safety checklists on teamwork in the OR, not all of the findings were positive. Four studies reported mixed results, noting some beneficial impacts on the team when using certain measures, but no benefits when using others. 28, 30, 37, 38 One study reported worse situational awareness for anesthesiologists when a checklist was used; however, this was based on using the checklist in just 1 simulated scenario and thus the generalizability of the findings is limited. 28 Another study outlined some of the paradoxically adverse effects a safety checklist can have on communication. 30 Whyte et al 30 describe how positive communication might actually be disrupted by the "staged" nature of the interaction that sometimes occurs during checking. In other instances, if teams choose to maintain their positive communications at the point in time they have always done so, rather than waiting for the "Time-out" or checking process, the checklist can become a redundant and even "boring" repetition of information.
This puts it at risk of becoming nothing more than a tick-box exercise, promoting a degree of complacency in the system. Checklists might also create a false sense of security that critical information has been communicated, when in fact a lack of real engagement in the checking process means that things may not have been checked as rigorously as they would have been otherwise. In addition, if team members differ in the degree to which they have bought into the system, a checklist might antagonize team relationships/interactions and accentuate hierarchy gradients. Lingard and colleagues 29 emphasized that although they observed a positive impact of their safety checklist in reducing communication failures, they also encountered several cultural and team barriers that had challenged successful implementation of the tool. These included a reluctance of staff to alter their habitual workflow, a perceived threat to individual excellence, prioritization of other tasks, staff shortages, and educational duties. Such barriers, they advised, should be anticipated and strategically mitigated prior to implementation of checklists.
29
Limitations and Implications for Future Research
The heterogeneity of research design, methodology, and study quality of the included articles (sample size, inclusion of methodological controls, etc) was recognized as a significant limitation of the research available in this area and it meant that a formal metaanalysis was not possible. This limitation has been recognized elsewhere in a review of safety checklists. 48 Many of the articles assessed multiple end-points in addition to teamwork/communication, for example, process measures (eg, delays, equipment issues, compliance with procedures) and/or patient outcome measures (eg, complication rates, mortality rates). At times this made it difficult to tease apart the various effects being reported and to identify the impact the checklist had on teamwork/communication skills specifically, indicating that the number of end-points assessed at one time should be limited. In particular, the lack of standardized, valid assessment of the quality of teamwork/communication stood out as a weakness. Nine of the 13 survey studies reported on the use of study-specific ad hoc developed questionnaires, 7 of which had not been validated, and many of which contained just 1 or 2 items relating to teamwork and/or communication. Similarly, the observational tools varied considerably with regard to the quality of the data available to support their validity/reliability. Valid, reliable, and consistent assessment of team performance is essential for making full-bodied reliable conclusions regarding the impact of safety checklists. This would suggest that it is necessary to take caution in interpreting the results from some of these studies and that more focused studies are required where the scope of the impact of checklists is limited to measuring clearly defined outcomes relating to teamwork and communication dimensions alone, and using validated, reliable scales. Several such tools are now available for measuring the quality of teamwork, via either self-report or observation in the OR in a scientific, reliable, and valid manner, for example, the Teamwork Climate Sub-scale of the Safety Attitudes Questionnaire 44, 49 and the Observational Teamwork Assessment for Surgery instruments, 6, 50, 51 respectively. By adopting these validated tools and steering away from the use of ad hoc developed assessment tools, standardized terminology for describing the specific team performance elements being assessed can also emerge. In this review, we found great variation in the terminology used between the studies, which made it difficult to make cross-study comparisons and to draw out patterns in the evidence base.
In addition to the choice of assessment tool/instrument, the study design also varied greatly. Five of the 20 studies reviewed included no baseline/control assessment of teamwork/communication and thus only assessed the improvement in team skills retrospectively, which has limitations. We would recommend that to make reliable conclusions regarding the impact of checklists, future studies should include baseline assessments of teamwork/communication, should take into account the need for an implementation phase (ie, an allowance of time for the checklist to be incorporated into practice and to iron out any initial teething problems), and then assess the same team skills postimplementation in a longitudinal fashion such that both initial and sustained impacts can be determined.
A final limitation of the available literature was a failure to adequately associate how well a checklist was used (ie, the quality of its implementation) with the impact it had on teamwork/communication. Although 2 of the articles reported an overall association between increased compliance with using the checklist and an improvement in teamwork 40, 42 none of the articles related specific characteristics of checklist usage (eg, who led the checks, who was present, who paused, who contributed, how much/what information was exchanged, how long it took) to the quality of teamwork. This will be important to address in future research for developing an understanding of "best practice" in using checklists in surgery. Tools for systematically assessing variation in the quality of checklist usage are, therefore, necessary and should be developed as part of future research in this area.
Implications for Surgical Practice
Despite the limitations mentioned earlier, this review highlights a positive association between the use of safety checklists and the quality of teamwork in the OR. This may represent one mechanism through which safety checklists result in improvements to clinical outcomes and compliance with clinical processes. [8] [9] [10] [11] [12] [13] [14] [15] However, the potential adverse effects of checklists and barriers surrounding their successful implementation that were also highlighted indicate that incorporating these structured tools into the busy, interdisciplinary OR environment is unlikely to be without challenge and that the strategy undertaken during their introduction may moderate the extent of the impact they bring about. 29, 30, 48, 52 Although checklists have clear face validity as communication and safety tools, it is important to emphasize that just making them available in the OR or requiring OR personnel to start using them does not necessarily equate to better patient outcomes and better team working. 53 Indeed, poor usage of a checklist can have dysfunctional effects for the team. Given these findings, team training and education focused on instilling effective/optimal use of checklists, embedded into the OR work routine should be provided. In addition to training, a strategic and inclusive approach should be taken during their introduction to clinical practice. Enlisting all stakeholders' (ie, including OR professionals or potentially also the patients) input into checklist design and customization will likely be important in promoting buy-in and ensuring that the tool ascribes to the frontline and end user's logic of communication. Once a checklist has been produced, its introduction should be planned in advance and complemented by training and education where necessary (eg, checklists can be introduced as part of wider team training or surgical quality improvement programs, as has been reported by some institutions). 54, 55 Some flexibility and accessibility to modification (for local circumstances or for a specialty) will also be important, and regular systematic feedback on the impact of the checklist on local surgical performance (including process and outcome measures) should be integrated in the implementation approach. 14, 48 Auditing of the use of checklists is also likely to be an area that requires careful consideration. The audits presented in the articles reviewed 32, 40, 42 were very much centered around binary compliance with checklist usage, that is, whether the checklist was completed or not, whether the form was signed, or whether certain items of the checklist were completed. This pattern resembles our own experience of the audit approach commonly undertaken in hospitals in the United Kingdom. While such audits give a broad impression of checklist uptake, they tell us little about the degree to which the checklist stimulates safety-related conversations between team members or acts as a platform for interdisciplinary communication. We take the view that more meaningful audits will emerge when we start using tools that are able to capture how exactly checklists are actually used within the busy OR setting on a daily basis and the implications this has for teamwork. Such data will likely tell us much more about whether and how checklists are becoming truly embedded within surgical practice and also what works well/not so well when such checklists are used (so they can be reviewed and modified as necessary). The currently prevalent "tickbox" approach to auditing checklist usage is not adequate.
On a wider scale, a focus on fostering a strong culture for safety within a hospital is also important for the implementation of checklists and other safety interventions. We hypothesize that a strong safety culture will increase the chance of checklists being used in the "true spirit" rather than simply being seen as a bureaucratic irritation. When completed poorly or when lacking engagement (particularly at a senior level), not only will checklists have the potential to disrupt team function, but this also likely sends out a negative message that it is not a priority to improve communication in an organization. 30 This is an important by-product of checklist implementation and we propose that it should be acknowledged and monitored at an early stage of the implementation strategy. Finally, when implementing checklists, it will be important to take into account the limitations of such interventions. Checklists can act as an inexpensive and potentially effective means to promote safety and communication in a team, but they certainly cannot address underlying systemic problems-like, for example, very low staffing levels that result in very unstable teams. 53, 56 It will, therefore, be important to integrate the use of safety checklists into more comprehensive safety and quality improvement packages that take into account such systemic problems and contextual factors (eg, skills mix, task demands, infrastructure, technological resources, work environment, organizational reward systems) and have the support of social networks with a shared "safety vision" that is reinforced across the system. Well-implemented checklists are effective, but not a panacea that can solve all problems.
9,53
CONCLUSIONS
This systematic review reveals that safety checklists improve both perceived and observed teamwork and communication in the OR. Given the close association between teamwork and patient safety, these results suggest that the optimization of safety checklists in surgery should be a priority for the prevention of surgical error. Surgeons should remain aware of the potential negative impacts a checklist might have on communication and team function when not used well. How a checklist is designed and implemented requires a strategic approach, with significant input and leadership from surgeons and other OR professionals.
